basalts and dolerites of the Schirmacher Oasis can be classified as weakly alkaline, but three of them even nepheline normative alkaline, magnesian basalts with 0.6-1.6 wt% K 2 O, 0.7-2.0 wt% TiO 2 , and 10-17 wt% MgO. Figure 2 shows variations in TiO 2 , K 2 O, Na 2 O, and SiO 2 as functions of MgO content for the dolerite samples those compositions are given in Table 1 (oxide compositions were determined by XRF at Vernadsky Institute, detection limits ranged from 0.001 to 0.02 wt%, RSD from 1.5 to 13 wt%; for detailed description of analytical procedure see (Sushchevskaya et al., 2009) ). Three samples from our data set (47240-2, 47235-19, and 47201-4) show elevated potassium contents, and sample 47240-2 is also depleted in silica and enriched in alkalis and titanium, which allows classify them as alkali high potassic basalts. Sample 47201-4 is a strongly altered amygdaloidal dolerite, and the presence of amphibole and biotite in sample 47235-19 indicates plausible lamprophiric input, but in any case theirs compositions can be regarded as primary with some caution. Thus, two of the freshest olivine dolerite samples, 47225-7 and 47139-7, were selected for the investigation of major minerals. The Mesozoic metabasites of the Schirmacher Oasis (Fig. 2) are identical in composition to the dolerites of the dike complex of the Muren massif in western DML (Vuori & Luttinen, 2003) and slightly different from the ancient anorthosite dikes occurring at the Schirmacher Oasis and often showing similar strikes (Belyatsky et al., 2002) . In general, the crystallization sequence of the basalts is magnesian olivineplagioclase-clinopyroxene. This is supported by the analyses of minerals, in particular, more magnesian compositions of olivines compared with clinopyroxenes. The olivine composition varies strongly from Fo 91.5 to Fo 55 (~400 grains), which suggests the occurrence of crystal accumulation processes during melt differentiation. The most widespread olivine compositions, within Fo [88] [89] , are similar to the most magnesian olivines from the least Fig. 1 . Simplified geological map of the Schirmacher Oasis region showing sampling sites (asterisks). The distribution of the ice cover is shown by light blue colors, and outcrops of old continental rocks (granulites, gneisses, plagiogranites, schists, etc.) are colored in accordance with insert legend. Tectonic dislocations, ancient dikes of lamprophyres, dolerites, and metagabbroids as well as Jurassic olivine-bearing dolerites and pegmatite veins are shown as lines of corresponded colors. Sample numbers are shown on the map. Table 1 . Major (vol%) and trace element (ppm) concentrations, and Sr, Nd, and Pb isotope data for rocks of basalts and dolerites from Schirmacher Oasis. LILE concentration and isotope analysis were determined at Karpinsky Geological Institute (St.Petersburg, Russia) by ICP MS (detailed in Sushchevskaya, et al. 2009 ). err (2S) -corresponds to isotope ratios error at 95% confidence level. eNd and ( 87 Sr/ 86 Sr)t -initial isotope composition corresponding sample at the time of dike emplacement (170 Ma). (Table 1) , (2) dikes of the Muren region of DML after (Vuori & Luttinen, 2003) , and (3) ancient anorthosite dikes from the Schirmacher Oasis region (Belyatsky et al., 2002) . differentiated Jurassic lavas of the western DML . The distinctive feature of the Schirmacher dolerites is the presence of Mg-rich olivines ), which may indicate rapid magma ascent from the generation zones (Fig. 3) . Variations in Ca and Ni as a function of forsterite content reflect a decrease in Ni and an increase in Ca contents during primary magma crystallization. In addition, it can be clearly seen in the diagrams that the points of olivine compositions from the two studied samples form two independent trends of NiO and MnO variations with different slopes. The average NiO content in the most magnesian olivines is ~0.35 wt % (N = 340) for sample 47139-7, ~0.4 wt % (N = 46) for sample 47225-7, and ~0.5 wt % for olivines from the Vestfjella Mountains (western DML) (Fig. 3) . The differences in Ni content of the liquidus olivines are primarily related to different Ni contents in the initial melts. According to the suggested model of Sobolev with colleagues (Sobolev et al., 2007) , an increase in NiO and a decrease in MnO content in magnesian olivines indicate the presence of pyroxenite blobs and veins in the peridotite source. The highest contribution of such a crustal component was inferred for olivines from DML rocks . The model was initially proposed for Hawaiian magmas (Sobolev et al., 2005) and assumed that their plume source contained fragments of crustal eclogites (i.e. lower crustal substance), whose melting began during the ascent of the heterogeneous mantle material at a depth of about 150 km. The produced melts reacted with the peridotite matrix, which resulted www.intechopen.com
Updates in Volcanology -A Comprehensive Approach to Volcanological Problems 78 in the formation of pyroxenites with Ni-rich pyroxenes. The further melting of pyroxenites at a depth of about 100 km resulted in the formation of melts enriched in Ni relatively the liquids that could be produced by the melting of a peridotite source. The question on the reasons of the heterogeneity of the plume mantle remains unresolved. It could be related to processes accompanying material ascent from the core-mantle boundary, where subducted fragments of the early oceanic crust probably are accumulated (Chase & Patchett, 1988; Christensen & Hofmann, 1994; Hofmann, 1988; Ono et al., 2001; etc.) , or to the interaction of the ascending hot peridotitic mantle with the lower parts of continental blocks at depths of 170-220 km (O'Reilly & Griffin, 2010) . In either case, eclogite melting could result in the appearance of pyroxenites and their subsequent involvement into the derivation of basaltic magmas (Sobolev et al., 2007) . It should be pointed out that, during the initial activity of the plume that was located in the DML region of Antarctica (Leitchenkov & Masolov, 1997; Leitchenkov et al., 2003) , this process was more intense, which is reflected in the higher NiO contents of magnesian olivines (Fig. 3) . Fig. 3 . Contents of NiO, CaO, and MnO in olivines from the Schirmacher Oasis dikes as a function of forsterite mole percentage. Olivines from (1) sample 47139-7, (2) sample 47225-7, and (3) DML basalts .
Clinopyroxene is the third phase crystallizing after olivine and plagioclase. It shows variable Mg value, from 69 to 81 (Fig. 4) , and low Cr/Al (0.01-0.14) and Na/Al ratios (0.10-0.15). In all compositional parameters, including the content of lithophile elements (Migdisova et al., 2004) , it is similar to clinopyroxenes from the basalts of the Vestfjella Mountains (western DML). The majority of magnesian olivines contain chrome spinel inclusions (Fig. 5a ), whose compositions were used to estimate the redox conditions of crystallization. The obtained values suggest that the early crystallization of magmas occurred near the quartz-fayalitemagnetite buffer (QFM), ∆QFM (deviation of -lg(f O2 ) from the QFM value) is 1.0-1.2. The conditions of magma fractionation were estimated for the Schirmacher Oasis according the compositions of clinopyroxene by the method of (Nimis & Ulmer, 1998) . Using a database of experiments with basanite and picrite -basalt starting materials (more than 100 references and 16 unpublished experiments), empirical pressure dependence was derived for the unitcell volume and the volume of the M1 site of clinopyroxene. At a given pressure, the unitcell volume (V cell ) is almost linearly correlated with the volume of the M1 site (V M1 ), and, for a given melt composition, V cell and V M1 decrease linearly with increasing pressure. Using these correlations, pressure can be expressed as a linear function of V cell and V M1 . For anhydrous and water-saturated magmas, the uncertainty is no higher than 1.70 kbar (the highest discrepancy is 5.4 kbar, N = 157) (Nimis & Ulmer, 1998) . Our estimations suggest shallow depths of magma crystallization in a transitional magma chamber at pressures of about 1-2 kbar. The histograms of model depths of melt crystallization (Fig. 5b ) calculated for the temperature T=1100ºC (average temperature of crystallization in a transitional chamber estimated by the COMAGMAT program (Migdisova et al., 2004) ) show that the same range of pressures is also typical for the fractionation of basaltic magmas from the DML region. .
Emplacement 130-105 m.y. ago of dikes and sills of alkaline-ultrabasic composition within Jetty oasis (or Jetty Peninsula, Fig. 6a ) is suggested as a later appearance of plume magmatism within the East-Antarctic Shield (Andronikov et al., 1993 Laiba et al., 1987) . This region is located opposite Kerguelen Islands and possibly could be properly connected with activity of the Kerguelen-plume (Foley et al., , 2006 . JurassicCretaceous dikes, stocks and sills of alkaline-ultrabasic rocks, relatively close to kimberlitetype, are exposed within Jetty oasis and on the southern shore of the Radock Lake (Mikhalsky et al., 1992) . This alkaline-ultrabasic magmatism has appeared to be connected with the main Mesozoic stage of the evolution of the Lambert and Amery glaciers riftogenic structure (Kurinin et al., 1980 (Kurinin et al., , 1988 . The alkaline-ultrabasic dikes and sills within Jetty oasis . cut the rocks of the Beaver complex, Permo-Triassic terrigeneous successions of the Amery complex, and late Paleozoic low-alkaline basic dikes as well. Dashed chain of 6 stock bodies spread out on 15 km along the eastern shore of the Beaver Lake, marked their allocation with submeridianal zone of the deep cracks, boarded of the eastern side of the Beaver Lake trough. Some of the polzenite and biotite-pyroxene alkaline picrite dikes were discovered on Kamenistaya Platform (northern extremity of Jetty Peninsula, Fig.6a ). They have northnorth-eastern strike, subvertical dip and are 0.5-1.0 m thick. Oasis Jetty alkaline bodies on the present-day erosion surface have oval, rare isometric forms from 10х25 to 80х120 m; dike bodies reach up to 180 m long and thickness is about 2 m (Fig. 6b) . All of these dike rocks are abundant in mantle nodules, mainly peridotites, and numerous xenoliths of the host Permo-Triassic sediments and Precambrian metamorphics as well (Fig. 6c) . It has been suggested that the alkaline-ultrabasic bodies were intruded into two phases. In the elder bodies (130-120 Ma, Yuzhnoe and Severnoe stocks) biotite-pyroxene alkaline picrites prevail, at the same time the younger (120-105 Ma, Novoe and Ploskoe stocks) is composed by polzenites and/or melanephelinites (Laiba et al., 1987; Mikhalsky et al., 1998) (Fig. 6 ). (Table 2) .
Geochemical characteristics of the Mesozoic basites of the Schirmacher Oasis
The contents of lithophile elements in the samples are given in Table 1 and illustrated in the spider diagram (Fig. 7) . The primitive mantle-normalized (Sun & McDonough, 1989 ) element contents (they are arranged in the diagram in the sequence of decreasing incompatibility) indicate different degrees of lithophile element enrichment in the dolerites. Most of them demonstrate distinct positive Pb, and negative Ta and Nb anomalies (Fig. 7a) . Similar distribution patterns of lithophile elements were previously observed by us in the tholeiitic basalts of the ancient volcanic rise of Afanasy Nikitin (90-80 Ma), which is situated in the central part of the Indian Ocean (Borisova et al., 2001; Sushchevskaya et al., 1996) (Fig. 7d) . Noteworthy that alkaline picrites of Jetty Oasis (Fig. 7b ) have similar enrichment patterns also. Some of them show pronounced negative Nb and Ta anomalies, less apparent positive Pb anomaly, and negative Zr and Hf anomalies. All such samples are from lamprophyre dykes from the outcrop near the Beaver Lake (32R-A101, 32R-A58) and Yuzhnoe body (U-22) (Fig. 6 ). As these samples do not differ in main composition from the other samples (Table 2) there could be some heterogeneity in the melting source which provides local anomalies for these elements, but in any case the geochemistry points to a high lamprophyric contribution that means very deep melts linked to intraplate plume activity. Fig. 7 . Primitive mantle-normalized (Sun & McDonough, 1989 ) distribution of lithophile element patterns in the Schirmacher Oasis dolerites (a), Jetty Oasis alkaline picrites (b), Kerguelen Plateau tholeiites (Frey et al., 2000) (c) and the Afanasy Nikitin Rise tholeiites (Borisova et al., 2001) 
(d).
Two samples from our data set show a peculiar lithophile element distribution. In particular, sample 47235-19, which was classified as a derivative of alkaline magmas (lamprophyre-like), shows high contents of all elements, but retains all of the specific geochemical anomalies. With respect to these characteristics, it is most similar to altered dolerite sample 47201-4 that means the both of specimens are from alkaline lamprophyre deep-mantle source. The normalized distribution patterns of lithophile elements in specimen 47420-2 show a strong positive Ta-Nb anomaly but at the same time the mineral composition of the sample is characterized by absent of any signs of titanates (Fig. 7a) , which emphasizes the different origin of the geochemical enrichment of its source compared with the majority of studied samples. Table 2 . Chemical and isotope composition of whole-rock alkaline picrite samples from Jetty Oasis. Major oxides express as wt % and trace elements -as ppm. All analyses were done at Karpinsky Geological Institute (St.Petersburg, Russia) by ICP MS and solid-source HR MS (isotope analysis) (detailed in (Sushchevskaya et al. 2009 ). 2s, abs and 2s, % -correspond to isotope ratio errors (absolute and relative) at 95% confidence level (2 sigmas).
Tholeiites exposed in drill hole 749 (Southern Kerguelen Plateau) have the age about 114 Ma and belong to the early stages of Kerguelen Plateau formation which maximum age is estimated as 120 Ma (Coffin et al., 2002) . Normalized lithophile element patterns of the tholeiites reflect the presence of weakly enriched source and enriched one with pronounced Zr and Hf negative anomaly for a part of samples as well (Fig. 7c) which mantle enrichment processes supposed to be connected with metasomatic acting of lamprophyric melts (Ingle et al., 2002) . The correlation analysis of lithophile element contents in the basites of the Schirmacher Oasis (as an example, element-Th correlation diagrams are shown in Fig. 8 ) reveals close relations between U and Th, Pb and Th, La and Th, and Yb and Th and poor correlations between other lithophile elements. These relations are less obvious for sample 47133-1, which has relatively low contents of Ta, Nb, Hf, Zr, and Sr. For the sake of comparison, Figure 8 shows the fields of enriched tholeiites from the Kerguelen Plateau recovered at ODP site 749 (Frey et al., 2000) . It should be noted that the Schirmacher basites are distinguished by lower contents of Yb and Hf, and, probably, Sr, but the similar ratios of the majority of incompatible elements (especially, Ta/Th, U/Th, and Pb/Th) suggest similar geochemical nature of the enriched sources of both of the magma types. On the other hand, dolerites of the Schirmacher Oasis show higher contents of the majority of lithophile elements compared with tholeiitic basalts of the Kerguelen Plateau. At this time dolerites of the Schirmacher Oasis by many geochemical characteristics are close to alkaline picrites of Jetty Oasis. Origin of the latter is directly connected with the melting of continental lithospheric mantle (Andronikov & Egorov, 1993; ). (Frey et al., 2000) . Figure 9a demonstrates the closeness of characteristic ratios (Th/Nb)n vs (La/Nb)n for magmatic rocks in two provinces of eastern Antarctica. High values (Th/Nb)n: 15 -16 and (La/Nb)n: 6 -7 reflect continental nature of their sources. Basing on the data presented in Figure 9b we can suggest that such source could be sub-continental lithospheric mantle. Values of Sr/Pb ratio for alkaline picrites from oasis Jetty and dolerites from Schirmacher Oasis are below NMORB and OIB signatures. Presented MgO content in Jetty Oasis alkaline picrites shows that high Sr/Pb and Nb/Nb* are not connected with the process of olivine fractionation or accumulation in the course of which MgO content should regularly decrease but rather reflect the melting of heterogeneous continental mantle. The isotopic analysis of dolerites from the Schirmacher Oasis (Table 1, Fig. 10 (Hauri et al., 1994) . Two samples from our collection (47133-1 and 47201-4) are strongly enriched in radiogenic strontium: their 87 Sr/ 86 Sr ratios are 0.7099 and 0.7120, respectively. Dolerite sample 47201-4 is a strongly altered variety and shows a negative Zr-Hf anomaly (Figs. 7 and 8 ). This sample was not used for the construction of correlation diagrams. It is important that the isotopic compositions of basic rocks from the Schirmacher Oasis are identical to the composition of tholeiites from the Afanasy Nikitin Rise and ODP Site 749. On the other hand, they are significantly different from the tholeiites of the 39º-40ºW anomaly of the Southwest Indian Ridge and anomalous olivine tholeiites from the base of the Afanasy Nikitin (Fig. 10) . This is typical for EM-I enriched mantle sources (Hauri et al., 1994) . In general, the isotope characteristics of enriched magmas from DML and the Schirmacher Oasis are similar to those of basalts derived from the Kerguelen plume, but are significantly different from the composition of enriched magmas from the North Atlantic, which are also related to plume activity (Sushchevskaya et al., 2005) . Figure 10 presents isotope data for the rocks connected with Karoo-Maud plume (Dronning Maud Land, Schirmacher) and Kerguelen plume (basalts of Afanasy Nikitin Rise and drill holes 749, 747) and also Jetty Oasis alkaline picrites. On the base of these diagrams we should mark put the following: 1) In spite of the closeness of enrichment character of plume magmas, for the basalts from Schirmacher Oasis there are not noted the presence of depleted types which are found within Dronning Maud Land (Riley et al., 2005) . They are especially well traced in Sr-Nd isotope diagram (Fig. 10c) Riley et al., 2003) connected with distribution of Karoo-Maud plume to the south along Transantartic mountains are even more enriched in radiogenic lead which reflects the specific character of lithospheric mantle in this region. (Table 1, 2; Antonini et al., 1999; Belyatsky et al., 2002; Borisova et al., 2001; Frey et al., 2000; Heinonen et al., 2010; Sushchevskaya et al., 1996; Sushchevskaya et al., 2003) . Chemical types of DML basalts (low-Nb, D-FP, E-FP, CT) refer to (Heinonen et al., 2010) .
Discussion
The geochemical data for the basic rocks of the Schirmacher Oasis, which is located to the east of the previously investigated occurrences of plume magmatism, provide new insight into the spatial temporal evolution of this plume. The area of occurrence of basaltic lavas related to the arrival of the Karoo-Maud plume beneath the lithosphere of Central Gondwanaland is up to 2000 km in diameter (Elliot et al., 1997; Elliot & Fleming, 2000; Leitchenkov & Masolov, 1997) , which is well consistent with the typical size of superplume heads projected to the surface (White & McKenzie, 1989) . Perhaps, the emplacement of the plume and subsequent thermal erosion of the lithosphere under the influence of laterally flowing plume material triggered the breakup of Gondwana: Antarctica separation from the southern Africa was about 165-155 Ma (Martin & Hartnady, 1986 ). Nevertheless, it should be noted that the Karoo-Maud plume probably was different in some respects from what is considered to be a typical mantle plume (Courtillot et al., 2003) : the volume of magmatic material supplied to the surface is minor, no higher than 60 000 km 3 , even if the partly overlain volcanics of the Karoo basin with accompanying dikes, sills, and small intrusions are accounted for; the plume-lithosphere interaction occurred in several stages over a long time interval, in contrast to the short-term (1-4 Ma) magmatism that usually accompanies the penetration of mantle plumes into the lithosphere (White & McKenzie, 1989) . The investigation of the character of flood basalt magmatism in Antarctica, which was performed within the MAMOG Project (Leat et al., 2007) , confirmed that it lasted for at least 20-30 Ma, when a series of dikes and flows were formed around the plume center over an area of about 145 000 km 2 along the Antarctic coast (DML). The eastward spreading of the Karoo-Maud plume can be indirectly supported by the existence of a large basic intrusion, which extends along the DML coast and is marked by a high-amplitude (×100 nT) magnetic anomaly (Golynsky et al., 2002 (Golynsky et al., , 2006 . Figure 11 shows the possible eastward direction of plume head spreading in the sublithospheric mantle of Gondwana at 130 Ma. During that time, the activity of the Kerguelen plume began within the already existing Indian Ocean and affected a region from the western margin of Australia to India. Its activity was manifested 40-50 Ma after the maximum magmatic activity related to the Karoo -Maud plume (Coffin et al., 2002; Mahoney et al., 1995) . It is interesting that the activity of the Etendeka-Parana plume, which preceded and accompanied the opening of the South Atlantic, began at the west of the Karoo-Maud plume, in South America and Central Africa at about 130 Ma (Deckart et al., 1998) . The lead isotopic ratios of basalts from the Schirmacher Oasis are different from those of the DML basalts, which have even more radiogenic values of 206 Pb/ 204 Pb ratios, up to 18.7-18.8. Nonetheless, in the lead isotope diagram, all these rocks plot along a common trend, which extends from the relatively depleted dolerites of the Schirmacher Oasis to the more enriched basalts of western DML (Fig. 10) (Belyatsky et al., 2006 ) and the Transantarctic Mountains, which underwent extensive crustal contamination (Elliot et al., 1999 ). This diagram also shows the isotopic compositions of ancient Proterozoic anorthosite dikes recalculated to the emplacement age of Mesozoic dolerites. It is clearly seen that they plot in the field of the Mesozoic basalts of Antarctica. As was noted above, the ancient dikes often spatially associate with plume related dikes and have similar strike and dip angles, at least in the Schirmacher Oasis. The spreading of Mesozoic plume magmas evidently occurred mainly along highly permeable weakened zones in the lithosphere (Leitch et al., 1998) and the ancient dike zones could serve as magma conduits. Such a process of plume melt penetration along the zones of ancient dikes was also typical for the Karoo plume distribution in the southeastern part of the African continent at 180-173 Ma (Jourdan et al., 2004 (Jourdan et al., , 2006 . The inherited old zircon grains (500-850 Ma) discovered in the dolerites of the Schirmacher Oasis could reflect the contamination of higher temperature Jurassic tholeiitic magmas by the material (zircons) of ancient andesites and/or enclosing metamorphic rocks (Belyatsky et al., 2007) . Salient features of the Karoo-Maud plume magmatism in Antarctica are the presence of high-magnesium volcanics and the wide occurrence of dolerite dikes and sills and olivine-rich gabbroid intrusions. Many of the dolerites are chemically similar to slightly enriched tholeiites (Luttinen & Furnes, 2000) , which suggests that the plume magma source was similar to the depleted oceanic mantle (Fig. 12) . The plagioclase K-Ar age of basaltic lavas from the Vestfjella Mountains is 180 Ma, which is very close to the ages of the basalts of the Kirwanveggen (Luttinen & Furnes, 2000) and mafic dikes and flows of southeastern Africa (183 ± 1 Ma) (Duncan et al., 1997; Jourdan et al., 2006) . The Sm-Nd mineral (pyroxene and plagioclase) and bulk rock isochron age of the dolerites of the Schirmacher Oasis is 171±24 Ma, which coincides within the uncertainty with the age of the Jurassic magmatism of DML and southeastern Africa (Belyatsky et al., 2006) . Thus, based on the geochemical, isotopic, and petrological similarity and simultaneous formation, the Mesozoic basic magmatism of the Schirmacher Oasis can be interpreted with a high degree of certainty as a derivative of the activity of the Karoo-Maud mantle plume (by analogy with the western DML of Antarctica and the Karoo province of the southeastern Africa). The youngest Mesozoic-Cenozoic occurrences of intraplate magmatism (alkaline ultrabasic intrusions, kimberlite sills and dikes, and leucite basalts of the Manning massif, Fig. 6 ) in East Antarctica are localized at the region of the Prince Charles Mountains (McRobertson Land) and Princess Elizabeth Coast (alkaline volcanics of Gaussberg), 3 000-4 000 km east of DML. Their formation is supposedly related to the activation of the sublithospheric mantle of Antarctica under the influence of the Kerguelen plume, whereas the emplacement of the alkaline ultrabasic dikes and sills of the Jetty Oasis is directly correlated with the initial stages of Kerguelen plume interaction with the lithosphere of Antarctica at 130-105 Ma (Laiba et al., 1987) . Numerous investigations and reconstructions of the influence of the Kerguelen plume on the lithosphere of Antarctica and India suggest that the plume head spreads in the northeastern direction (Coffin et al., 2002; Frey et al., 1996 Frey et al., , 2000 Kent, 1991; Mahoney et al., 1995) . The possible early occurrence of the plume at 130 Ma is reconstructed from the magmatism of continental margins (Fig. 13) . This concerns primarily the Bunbury Province of the southwestern coast of Australia and the magmatism of the eastern coast of India (Rajmahal traps). On the other hand, considerable areas of igneous rocks related to the Kerguelen plume are currently located below the sea level and detected only on the basis of seismic data for the northern Bay of Bengal and the Naturaliste Plateau (Kent, 1991) . It is supposed that the Kerguelen plume also extended far to the northeast (i.e., it differed from the classical concentrically isometric shape during emplacement in the lithosphere). Figure 13 shows the area of Kerguelen plume development during the early stages of ocean opening, which were accompanied by the extensive occurrence of enriched tholeiites. The distribution of enriched basalts with high (La/Sm)n (Sushchevskaya et al., 1998) reflects the possible consequences of plume activity (formation of enriched tholeiitic magmas and formation of large rises at a fossil spreading zone). The depleted compositions of igneous rocks exposed at the flanks indirectly support the emplacement of the Kerguelen plume in the already open ocean. The Karoo-Maud superplume is probably an example of deep plumes ascending from the core-mantle boundary. Its penetration into the upper parts of the lithosphere resulted in the breakup of Gondwana and the separation of Africa from Antarctica. Then, for a considerable time (about 40 Ma) it could flow laterally along preexisting boundaries in the upper parts of the lithosphere, which caused the formation of the younger Parana-Etendeka and Kerguelen mantle plumes. The formation of two large igneous provinces, Parana-Etendeka in the Atlantic and Kerguelen in the Indian Ocean, significantly influenced oceanic magmatism and resulted primarily in the appearance of geochemical anomalies within mid-ocean ridges. The spreading of plume material along the weakened zones of Gondwana to the south (Ferrar dolerites in the Transantarctic Mountains) and east (from western DML to the Prince Charles Mountains) of Antarctica reflects possible deep plume motions, which probably occurred at different levels of the lithosphere and sublithospheric mantle (Fig. 11) . Geological and geophysical data for the basement of the basins of the Cosmonaut, Cooperation, and Davis seas suggest moderate spreading rates at the early stages of ocean opening (Hinz & Krause, 1982; Leitchenkov et al., 2006) . The early stages of this process produced volcanic rises in the western part of the Riiser-Larsen Sea (Astrid Ridge), in the Lazarev Sea, in the southeastern Weddell Sea (Leitchenkov & Guseva, 2006) , and in the southeastern Davis Sea (Bruce Bank, in the east of the Kerguelen Plateau). These structural and tectonic features could be related to the influence of the Karoo-Maud superplume on the formation of the oceanic crust in this region, if one supposes its eastward spreading up to the old deep rift zone (region of the LambertAmery Glacier and Prydz Bay), which inherited to some extent the structures of Paleozoic grabens, was filled with sediments up to 10 km thick (Fedorov et al., 1982; Leitchenkov et al., 1999) and separated different blocks of the continental lithosphere of Antarctica (probably of different thickness) to the west and east of it. The further lateral spreading of the plume occurred towards the already existing ocean basin, which resulted in the formation along the proto-Southeast Indian Ridge of the Conrad, Kerguelen, and Afanasy Nikitin volcanic rises and the Southeast Indian Ridge (Sushchevskaya et al., 1998 . Blocks of metamorphosed old subcontinental mantle could be retained within and near the spreading zone and subsequently involved into melting processes (Fig. 12) . Geophysical data obtained by Russian expeditions in 2003 Russian expeditions in -2004 demonstrated that, before the beginning of the Australia-Antarctica breakup, a continental block existed at the margin of the Australia-Antarctica continent and was subsequently divided by the spreading zone into the Bruce Bank (remaining near Antarctica) and the Naturaliste Plateau (Leitchenkov & Guseva, 2006) . The layered basement of the Bruce Bank is a pile of volcanic rocks, up to 3.5 km thick, underlain by the thinned continental crust (Leitchenkov & Guseva, 2006) . The results of deep-sea drilling in the Elan Bank in the western spur of the Kerguelen Plateau also suggest its continental origin (Ingle et al., 2002) . Thus, the complex formation of an ancient spreading zone during the initial stages of ocean opening resulted in the detachment of continental lithospheric blocks of different size, which could significantly affect the geochemical character of tholeiitic magmatism within rift zones. This effect is observed in volcanic rises, such as the Kerguelen Plateau, Afanasy Nikitin Plateau, and Ninetyeast Ridge. The eastward propagation of plume magmatism in Antarctica along the ancient collision zone reflects the processes that occurred in the apical part of the plume at about 180-110 Ma. The established geochemical similarity between the basalts of the continental margin of eastern India (Rajmahal traps) and Southwestern Australia (Bunbury basalts) and the tholeiites of the Kerguelen Plateau implies the assimilation of the ancient continental crust of Gondwanaland by the basaltic melts (Ingle et al., 2002 Sr = 0.70568, 143 Nd/ 144 Nd = 0.512629 (Fig. 12) . Similar isotopic ratios are characteristic of the tholeiites of the Afanasy Nikitin Rise (Borisova et al., 2001; Sushchevskaya et al., 1996) , which were formed 90 Ma near the proto-Southeast Indian Ridge, and of the 115 Ma tholeiites of the central part of the Kerguelen Island . The problem of the deep origin of hotspots (and low-velocity zones) in the Earth's shells has acquired special significance, because it has a direct influence on the possible spatial movement (both vertical and horizontal) of convective mantle flows (Burov et al., 2007) . For instance, Pushcharovskii (Pushcharovskii & Pushcharovskii, 1999) emphasized that the Earth's shells, including the upper, middle, and lower mantle, with boundaries at depths of 670-900 km, 1700-2000 km, and 2900 km, have heterogeneities of various scales, which reflect possible lateral movement of materials. Ruzhentsev with colleagues (Ruzhentsev et al., 1999) investigated the deep structure of the India-Atlantic segment of the Earth using the deep seismic tomography data and concluded that heated zones exist in the mantle at different depths. These zones are not traced into deeper levels which suggests that some of them are detached from their roots and have a lateral distribution (Ruzhentsev et al., 1999) . According to recent data (Class & le Roex, 2008) , the possible horizontal movement of sublithospheric flows from beneath Africa over considerable distances can be exemplified by the formation of peculiar enriched magmas in the central part of the Walvis Ridge.
Conclusions
The investigation of the Mesozoic (about 170 Ma) basaltic magmatism of the Schirmacher Oasis showed that the basalts and dolerites are petrologically identical to the previously studied rocks of western Dronning Maud Land (Vestfjella Mountains region), which are interpreted as the manifestation of the Karoo-Maud plume in Antarctica. The spatial distribution of the dikes indicates the eastward spreading of the plume material from DML to the Schirmacher Oasis within at least 10 Ma (up to ~35 Ma, taking into account the uncertainty of age determination). On the other hand, the considerable duration and multistage character of plume magmatism related to the activity of the Karoo-Maud plume in Antarctica and Africa (Leat et al., 2007; Luttinen et al., 2002) may indicate that the Mesozoic dikes of the oasis correspond to a single stage of plume magmatism. In such a case, the rate of eastward plume propagation can be considered only as a rough estimate, and the time of 10 Ma, as the upper limit. The geochemical characteristics (relatively radiogenic Sr and unradiogenic Nd isotope composition, high Th/Nb and Ta/Nb ratios) of Schirmacher Oasis magmas indicate crustal contamination, which occurred during plume ascent and lateral spreading. The magmas of the initial stage of plume activity (western DML region) appeared to be the most contaminated. A peculiar feature of the opening of the Indian Ocean, which was triggered by the influence of the Karoo-Maud plume, is its occurrence in the presence of nonspreading blocks of varying thickness, such as the Elan Bank in the central part of the Kerguelen Plateau, and it was accompanied by the formation of intraplate volcanic rises, which were detected in the seafloor relief around Antarctica. The geochemical characteristics of some of these highs (Afanasy Nikitin, Kerguelen, Naturaliste, and Ninetyeast Ridge) as demonstrated by (Borisova et al., 2001) were mainly affected by crustal assimilation processes. The identical geochemical characteristics of the Mesozoic magmas of the Schirmacher Oasis, the lavas of the Afanasy Nikitin Rise, and the rocks of the central Kerguelen Plateau (ODP Site 749) suggest that the enrichment of all these magmas was related to the old continental rocks of the Gondwanaland. The magmatism that occurred 40 Ma after the main phase of the Karoo volcanism at the margins of the adjoining continents of Australia (Bunbury basalts) and India (Rajmahal traps) could be initiated by the KarooMaud plume, which propagated along the developing spreading zone and subsequently moved toward the Kerguelen Plateau, where it occurs currently as an active hotspot.
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